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It is my opinion that the difference of =: 6 delta/delta units between the 5 alpha diol 
metabolite and Pdiol endogenous reference compound in Mr. Landis's Stage 17 
Sample establishes use of testosterone or its precursors. It is also my opinion that 
Mr. Landis's IRMS and T/E results for his eight Tour samples when taken together 
are consistent with what is known about steroid metabolism and the administration 
of exogenous testosterone or its precursors. 

Testosterone Synthesis and Metabolism: 

Allow me to start with a brief overview of testosterone synthesis and metabolism to 
provide some context to my discussion. 

In men, testosterone is produced primarily in the testes by Leydig cells. In the Leydig 
cells, cholesterol is transported into mitochondria, the metabolic "engines" of the cell. 
There an enzyme array on the iimer membrane of the mitochondria acts on cholesterol to 
make testosterone and other steroids as dihydrotestosterone (DHT). These enter the 
testicular vein to circulate to the rest of the body. The pituitary hormone, LH, stimulates 
testosterone production in the testes by both stimulating cholesterol uptake into the 
mitochondria and inducing the enzyme array to make testosterone. The levels of LH 
have a major role in determining the amount of testosterone produced. Another 
important sovirce of androgens in the body is the adrenal gland which produces 
dehydroepiandrosterone (DHEA) and androstendione, plus some testosterone. 

Testosterone in the body is primarily metabolized by enzymes in the liver and to a minor 
degree in other tissues as fat, skin, and muscle. These pathways have been discussed in 
detail by Dr Shackelton. In brief, the key initial step is the conversion of testosterone to 



either 5a or 5p DHT, by either a 5a reductase enzyme or a 5P reductase enzyme. 5a or 
5p DHT can then be converted to the 2 compounds of interest in IRMS studeis, 5a 
androstanediol (5 alpha diol) and 5p androstanediol (5beta diol). The stepwise 
conversion of testosterone to 5 alpha diol or 5 beta diol is partial source, but not the only 
source for these androstanediols. Two other metabolites, androsterone and 
etiocholanolone may also be used in IRMS studies, but many more steroids feed into 
these pools, especially the adrenal androgens. Therefore these are less sensitive markers 
of exogenous testosterone administration. Other steroids as progesterone do not enter the 
testosterone pathway at all, and can be used as endogenous reference compounds (ERC) 
in IRMS studies, as this case 5p pregnanediol (pdiol), the metabolite of progesterone. 

These enzyme systems are complex, and the pathway preference to 5 beta diol or 5 alpha 
diol depends especially on the type, e.g. gel, oral or injection formulation, and to some 
extent the amount, of the compound being metabolized. In addition, there are significant 
differences between individuals in the relative activity of these 2 pathways. 

Mr Landis' brief claims that the 6'^C-values for 5 alpha diol and 5 beta diol should be 
reasonably close, and not differ by more than 2.5 5 units, and therefore, greater 
differences are indicative of a flawed technique. This assertion is not supported from my 
substantial experience in steroid metabolism. Further, this assertion is not supported by 
data in the available, published literature which clearly show a high level of individual 
variability with differences as high as 4.3 5 units. 

The studies of Shackelton (1997), Aguilera (1999, 2001), Maitre (2004), Baume (2006), 
and Schanzer (2007) show in detail the response of these metabolites, 5 beta diol and 5 
alpha diol to applications of different formulations of testosterone: testosterone enanthate 
by intramuscular injection, testosterone undecanoate orally, and testosterone by 
cutaneous gel. A key feature of these studies is individual variability and the fact that 5 
beta diol and 5 alpha diol do not necessarily track in tandem. While the difference in 
5 C-values for these is usually < 2.0, several individuals in these relatively small studies 
showed larger differences: 

a) 2 of 5 men with max differences of 2.5 and 2.8 on testosterone enanthate 
intramuscularly (Shackleton, 1997), 

b) 1 of 5 men with a max difference of 4.3 on testosterone intramuscularly 
(Aguilera, 1999), 

c) 2 of 3 men with max differences of 2.8 and 3.1 on exogenous testosterone, 
probably testosterone enanthate intramuscularly (Aguilera, 2001), 

d) one subject with max difference of- 3.0 on oral testosterone undecanoate 
(Maitre, 2004), 

e) one subject (P9) with max differences of 3.3 and 3.0 on separate weeks on 
testosterone cutaneous gel (Schanzer, 2007), and 

f) one additional subject (P3) from the Cologne Workshop presentation of the 
above study with a maximum difference of approx 2.3. 



These studies clearly show significant variability between individuals in the enzymatic 
pathway preference in their bodies towards 5 alpha diol or 5 beta diol. This is evident in 
even these relatively small studies. Such individual variability in drug metabolism is 
very common. In my experience with pharmaceutical agents including testosterone, there 
can be a broad range of responses with drug levels on the same dose, commonly ranging 
2-3 fold between high and low values, and in some instances as much as 5 fold or more. 
These are based on studies done in carefully controlled conditions and absence of other 
medications that can affect metabolism. A variety of factors contribute to this variability 
including differences in the rate and amount of absorption of the drug, genetic differences 
in enzyme activity and metabolism of the drug, and differences in the condition of the 
subject on a given day affecting how his/her body may respond. Subjects outside the 
controlled clinical research unit can show even greater variability, especially in the case 
of concurrent medications. 

Further, these studies also showed that different testosterone formulations showed 
pathway preferences, so that cutaneous testosterone gel produced more 5 alpha diol 
(Schanzer, 2007), while oral and intramuscular testosterone produced more 5 beta diol 
(Maitre, 2004 and Shackleton, 1997, Aguilera, 1999). Also, these studies evaluated the 
wash-out period of these formulations and determined that single doses of intramuscular 
testosterone enanthate can induce demonstrable alteration of the S'^C-values for 11 to 14 
days after the injection (Shackleton, 1997), while oral TU can clear rapidly in 8 to 20 hrs 
in most individuals (Maitre, 2004). Similar data on T gel is not currently available, but 
studies on pharmacokinetics of blood testosterone indicate induction of stable levels 
during the first 24 hrs after single application and a 40-50% reduction from those levels 
at 48 hrs after single application (Wang, 2000, attached). While many factors not 
influencing serum testosterone can affect the levels of the urinary metabolites of 
testosterone, I would anticipate that the given the duration of blood levels, persistent 
changes in the 6^^C-values for 5 alpha diol and 5 beta diol could be evident for 48 hrs or 
longer, especially if a larger than standard replacement dose was used. 

In addition, these studies clearly showed that T/E ratios do not correlate well with 
exogenous testosterone use, especially for oral and gel preparations where many subjects 
showed minimal changes in T/E, despite clear changes in 5 alpha and 5 beta diols. 

There are many different combinations of oral testosterone, T gel, or DHT gel which 
could produce the ranges of metabolite 6^^C-values reported for Mr Landis' 8 Tour de 
France samples. In my opinion, these values are entirely consistent with manipulation 
with various testosterone and DHT products. For example, the values reported for stage 
17 (20 July) are consistent with the use to T gel. Given the similar IRMS results, the 
elevated 5 alpha diol values on the last day of the Tour could be a carryover from doping 
before the previous day's race. Other than the T/E ratio of about 1 1 on Mr. Landis' s 
Stage 17 sample, I would attach no significance to the small changes in the T/E ratios 
between his other seven samples. 



Mr. Landis has questioned why a cycHst would take exogenous testosterone when the 
presumed benefit is on power strength rather than endurance. The available endurance 
studies have been done on healthy men under controlled circumstances that do not 
include extreme exertion activities. There are no available studies in men under these 
circumstances to understand what benefits testosterone may show. The riders in the Tour 
de France are under extreme exertion and stress, and likely have suppressed levels of 
testosterone. In these conditions, testosterone may have unappreciated benefits. 
Particularly, the use of testosterone in the later stages of the Tour as an anti-catabolic 
agent to counter the effects of stress induced elevation of Cortisol which can accentuate 
muscle breakdown. While there are no direct studies on this, riders in the Tour de France 
and other cycling races must anticipate some benefit because they have continued to elect 
to dope with testosterone. 
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